Objectives: Several preclinical and observational studies have shown that anti-diabetic medications (ADMs) may modify the risk of lung cancer. We performed a systematic review and meta-analysis evaluating the effect of metformin, sulfonylureas (SUs), thiazolidinediones (TZDs), and insulin on the risk of lung cancer in patients with diabetes mellitus (DM 
Introduction
Lung cancer is one of the leading causes of cancer-related mortality worldwide and accounts for approximately 30% of cancer deaths in US (Jemal et al., 2010) . Despite advances in early diagnosis and treatment modalities, prognosis remains poor; the five-year survival rate is only about 15% (Mulshine et al., 2005) . Individuals at risk for developing lung cancer can be identified by clinical epidemiologic factors (Bach et al., 2003; Spitz et al., 2007; Cassidy et al., 2008; Tammemagi et al., 2011; Ding et al., 2013) and it has been well established that tobacco smoking is the most important cause of lung cancer, accounting for 85%-90% of all cases in the world (Ruano-Ravina et al., 2003; Tyczynski et al., 2003) . The remaining cases were attributable to nonsmoking causes such as pulmonary tuberculosis, environmental exposure to radon and arsenic in drinking water in homes, occupational exposure to asbestos and other carcinogens, as well as family history of lung cancer (Lam et al., 2004;  RESEARCH ARTICLE , Ming Lu 1, 2 * Bruske-Hohlfeld, 2009; Gao et al., 2009; WU et al., 2011) . When lung cancer is diagnosed, it is often in an advanced stage. Available treatment has a significant impact on outcomes, however, the overall success of treatment remains poor. Therefore, the prevention of lung cancer is of utmost importance and urgent efforts are needed to identify measures, including drug treatment that may be effective in reducing the lung cancer risk. Diabetes mellitus (DM) is a metabolic disorder that is characterized by chronic hyperglycemia and aberrant carbohydrate, fat, and protein metabolism that result from defects in insulin secretion, insulin action, or both (Leone et al., 2014) . It represents a major global health problem that has been recognized and treated for centuries. DM comprises two predominant subtypes, types-1 and -2 that are characterized by different metabolic activities. Type 1 diabetes (5-10 % of all diabetics) is associated with the complete absence of endogenous insulin that is attributed to the autoimmune destruction of insulin secreting β-pancreatic cells and requires the exogenous administration of insulin (Awoniyi et al., 2013) . In contrast, type 2 diabetes (90% of all diabetics) is characterized by the long-term presence of hyperglycemia and hyperinsulinemia associated with insulin resistance in the peripheral tissues (Staimez et al., 2013; Zabetian et al., 2013) .
Anti-Diabetic Medications Do Not Influence Risk of Lung
Diabetes mellitus has been associated with a decreased risk of lung cancer in some (Rousseau et al., 2006; Ogunleye et al., 2009; Atchison et al., 2011) but not all studies (Hall et al., 2005; Ehrlich et al., 2010; Lai et al., 2012) , a finding which may be explained by different smoking habits. Furthermore, it was reported that diabetic patients using metformin plus any other treatment had a lung cancer risk that was 37% lower than those not using the anti-diabetes drug (Hall et al., 2005) .
Several preclinical in vitro and in vivo studies have shown that conventional anti-diabetic medications (ADMs) may modify the risk of multiple cancers. Metformin has been shown to have anti-neoplastic effects through both insulin-dependent and insulin independent mechanisms (Gallagher et al., 2011) . By acting directly on cancer cells or on cells at risk for transformation, metformin can impair mitochondrial adenosine triphosphate (ATP) production, leading to the activation of liver kinase (AMPK) signaling, resulting in a decrease in protein synthesis and lipid synthesis via inhibition of mammalian target of rapamycin and fatty acid synthase, respectively . Thiazolidinediones (TZDs) have been postulated to induce cell growth arrest and apoptosis and prevent cancer cell invasion (Okumura, 2010) . TZDs suppress mitogen-activated protein kinase (MAPK) activation and the phosphorylation of peroxisome proliferator activatived receptors (PPAR), and in turn induce differentiation and growth repression. Sulfonylureas (SUs), on the other hand, by promoting insulin secretion, and insulin itself, can promote cell proliferation and cause carcinogenic effects (Bowker et al., 2006) .
Epidemiological studies have shown that metformin and TZDs use among diabetic patients may be associated with lower risk of overall cancer incidence and mortality (Decensi et al., 2010; Noto et al., 2012; Soranna et al., 2012) . On the other hand, insulin and insulin secretagogues are associated with higher cancer incidence and cancer related mortality (Bowker et al., 2006; Chang et al., 2012) . In studies on risk of lung cancer, some studies suggest that metformin and TZDs may be chemopreventive in patients with DM Lai et al., 2012; Ruiter et al., 2012) , whereas others show no beneficial effect Mazzone et al., 2012) . Likewise, some studies suggest that SUs and insulin may promote risk of lung cancer Hsieh et al., 2012) , whereas others show no harmful effects Gu et al., 2013) .
Hence, in order to understand this association better and evaluate its magnitude and the quality of the supporting evidence, we performed a systematic review and meta-analyses of observational studies that evaluated the effect of conventional ADMs (metformin, SUs, TZDs, and insulin) on the risk of developing lung cancer in patients with DM.
Materials and Methods

Literature search
A systematic literature search of pubmed, Web of Science databases was conducted by two study investigators, independently, for all relevant articles on the effect of anti-diabetic medications (ADMs) use on the risk of lung cancer from the first available year to August 20, 2013. The following keywords and/or corresponding MeSH terms were used: (Metformin or biguanides or hypoglycemic agents or sulfonylurea compounds or thiazolidinediones or insulin) and (cancer or carcinoma or neoplasms) and lung. The search was restricted to epidemiological studies conducted in humans. The title and abstract of studies identified in the search were reviewed by two authors independently to exclude the studies that did not answer the research question of interest. Moreover, the reference lists of the selected papers and the recent reviews were also screened for other potential articles that possibly have been missed in the initial search (references cited in the identified articles were searched manually). The most recent and complete publication was chosen if there were multiple publications for the same study.
When incomplete information was available, attempts were made to contact the corresponding authors of the studies for additional information.
Selection criteria
The inclusion criteria were as follows:
(1) evaluated and clearly defined exposure to any ADMs (2) cohort studies, case-control or nested casecontrol studies (3) reported crude or adjusted estimates of the association between exposure and outcome (that is, relative risk [RR], odds ratio[OR], hazard ratio [HR] , and the corresponding 95% confidence interval [CI] ), or sufficient raw data to allow their calculation (4) reported lung cancer incidence in patients with DM (5) specifically mentioned that participants were affected by type 2 diabetes mellitus
Data abstraction and quality assessment
Data were independently abstracted onto a standardized form by two reviewers. The following data were collected from each study: name of the first author, year of publication, time period of study, country of the population studied, study design, information source for exposure ascertainment and outcome assessment, exposure vs. comparison, the fully adjusted hazard ratio (HR)/relative risk (RR)/odds ratio (OR) and their 95% confidence intervals (95%CIs) were used as the common measure of associations. Conflicts in data abstraction were resolved by consensus, referring back to the original article. Quality assessment for included studies was performed using the Newcastle Ottawa scale (NOS) recommended by the Cochrane Non-Randomized Studies Methods Working Group (Wells et al., 2013 DOI:http://dx.doi.org/10.7314/APJCP.2014.15.16.6863 Antidiabetic Medications and Lung Cancer Risk in DM Sufferers quality assessment were performed by two independent investigators. Any disagreement was settled by discussion.
Statistical analysis
The pooling method was adopted, as the inversevariance weighted mean of the logarithm of HR/RR/ OR (defined as summary RR (SRR)) with its 95%CI, to assess the strength of association between ADMs and the risk of lung cancer in diabetes mellitus. The I 2 of Higgins and Thompson was used to assess heterogeneity among studies. In the presence of substantial heterogeneity (I 2 >50%) (Higgins et al., 2003) , the DerSimonian and Laird random effect model (REM) was adopted as the pooling method, otherwise, the fixed effect model (FEM) was used as the pooling method. Meta-regression was applied to detect the potentially important covariates exerting substantial impact on between-study heterogeneity. Sensitivity analysis was performed to validate the stability of outcomes by sequential removal of each individual study (Tobias, 1999 ). An individual study is suspected to excessively influence the point estimate if its omitted analysis lies outside the 95%CI of the combined analysis. The small-study effect in terms of publication bias was estimated using Egger's linear regression test (Egger et al., 1997) . All reported probabilities (p values) were twosided, with p<0.05 considered statistically significant. All statistical analyses were performed with STATA version 11.1 (Stata, College Station, TX, USA).
Results
Characteristics of studies
Of the total 2595 unique studies identified using the search strategy, 15 Libby et al., 2009; Ferrara et al., 2011; Bodmer, 2012; Chang et al., 2012; Hsieh et al., 2012; Lai et al., 2012; Luo et al., 2012; Mazzone et al., 2012; Ruiter et al., 2012; van Staa et al., 2012; Gu et al., 2013; Wang et al., 2013 ) studies fulfilled the inclusion criteria and were pooled in the meta-analysis (Figure 1 ). The characteristics of these studies are shown in Table   Figure :http://dx.doi.org/10.7314/APJCP.2014.15.16.6863 Antidiabetic Medications and Lung Cancer Risk in DM Sufferers Quantitative Synthesis and Test of Heterogeneity (1) Metformin and risk of lung cancer On meta-analysis of all observational studies assessing the risk of lung cancer in patients with DM, use of metformin (as compared with non-use) did not show a significant association with lung cancer in patients with DM ( n=11 studies; adjusted OR=0.99, 95%CI: 0.87-1.12), and this was stable across different study designs (Figure 2 ). Significant study heterogeneity (I 2 =80.4%) was found, so a random effects model was used to pool the ORs. In sub-group analysis, almost no statistically significant results were detected. In subgroup analysis for study setting, two studies were hospital-based studies, and the SRR was 1.44 (1.13-1.83 ). In analysis for study location, the same two studies were from USA and the SRR was the same. The sub-group analysis for ADMs and lung cancer was shown in Table 2 .
(2) Sulfonylureas and risk of lung cancer Meta-analysis of five observational studies that evaluated the risk of lung cancer associated with SUs exposure in patients with DM demonstrated no significant protective or harmful effect (adjusted OR=0.98, 95%CI: 0.79-1.22) (Figure 3 ). There was statistically heterogeneity (I 2 =81.0%) among studies, so a random effects model was used to pool the ORs.
(3) Thiazolidinediones and risk of lung cancer Use of TZDs (as compared with non-use) was not associated with significant increase in the risk of lung cancer in patients with DM (n=7 studies; adjusted OR=0.92, 95%CI: 0.75-1.13) in observational studies (Figure 4 ). Significant study heterogeneity (I 2 =58.9%) was found, so a random effects model was used to pool the ORs.
(4) Insulin and risk of lung cancer Use of insulin (as compared with non-use) was not associated with significant increase in the risk of lung cancer in patients with DM (n=6 studies; adjusted OR=1.13, 95%CI: 0.79-1.62) in observational studies ( Figure 5 ). There was statistically heterogeneity (I 2 =88.3%) among studies, so a random effects model was used to pool the ORs.
Exploration of the sources of heterogeneity
As seen above, strong heterogeneity among studies on ADMs and lung cancer was demonstrated. To further explore the potential sources of heterogeneity and test the effects of study characteristics on the overall estimates, exploratory univariate meta-regression was performed with study-location (Asia , Europe and USA), source of controls (PB or HB) and study design (cohort or case-control study). However, none of the variables was identified as potentially important source of between-study heterogeneity.
Sensitivity analysis and publication bias
The influence of each study on the pooled ORs was examined by repeating the meta-analysis while sequentially omitting individual studies. In the sensitivity analysis, no individual study substantially influenced the pooled ORs for all the ADMs, suggesting that the results of our meta-analysis are stable.
We plotted Begg's funnel plot to examine small study effects. We also used Begg's and Egger's weighted regression method to calculate P for bias. There was no evidence of significant publication bias, both quantitatively (p=0.223 for metformin, p=0.357 for SUs, p=0.297 for TZDs, and p=0.818 for insulin) and qualitatively, on visual inspection of the funnel plot (data not shown).
Discussion
In this meta-analysis of 15 studies analyzing the effect of conventional ADMs on modifying the risk of lung cancer in patients with DM, we found that metformin use was not associated with a decreased risk of lung cancer, though there was a slight trend towards lower risk. Likewise, the other three ADMs (SUs and TZDs, insulin) use were not associated with an increased risk of lung cancer. There was, however, considerable heterogeneity across all studies that could not be explained by study design, setting, or location.
A series of studies and meta-analyses have shown an increased risk of cancer in DM patients (Yang et al., 2013; Tong et al., 2014) . In particular, meta-analyses have revealed a strong association between diabetes and cancers of the pancreas or liver, the main organs implicated during the deregulation of the metabolic equilibrium that is typical in DM (Vigneri et al., 2009) . Altered metabolic pathologies, such as hyperglycemia and hyperinsulinemia, as well as other DM-associated factors, such as obesity and high saturated fat diets, are also independent risk factors for cancer, illustrating a close correlation between the two diseases (Jalving et al., 2010) . And several studies have suggested the use of metformin as an anticancer drug, but some limitations need to be considered.
Preclinical studies have suggested that ADMs may modify the risk of cancer. Although the exact molecular mechanisms of this protective effect remain unclear, it has been postulated that metformin may retard cellular neoplasia via its impact on AMPK metabolism. And AMPK could be activated by metformin via the following three independent mechanisms: (1) by LKB1 (liver kinase B1), which induces phosphorylation of Thr 172 in the catalytic subunit of AMPK (Long et al., 2006) ; (2) indirectly through the inhibition of complex I of the respiratory chain; and (3) by the activation of other inhibitors of mitochondrial ATP synthesis, such as oligomycin. On the other hand, SUs, by increasing insulin secretion, and insulin, itself, can promote carcinogenesis either directly or indirectly by increasing insulin-like growth factor-1 activity, resulting in abnormal stimulation of multiple cellular signaling cascades, enhancing growth factor-dependent cell proliferation, and affecting cell metabolism (Bowker et al., 2006) .
The strengths of our study is comprehensive and simultaneous assessment of the effects of all conventional ADMs on risk modification of lung cancer in patients with DM. Although Noto et al. (Noto et al., 2012) and Franciosi et al. (Franciosi et al., 2013) have reported, in two small meta-analyses, the effect of metformin on chemoprevention in lung cancer, this is the first study that systematically analyzes the effects of SUs, TZDs, and insulin on modifying the risk of lung cancer.
In addition, there are some limitations inherent to a meta-analysis of observational studies, especially when assessing the impact of ADMs. Firstly, observational studies lack the experimental random allocation of the intervention necessary to test exposure-outcome hypotheses optimally. Secondly, all studies did not adjust for the same confounders. In addition, most patients with DM in these studies were on multiple ADMs simultaneously. As a result, the nature of the comparator group for each individual ADM was composed of other ADMs that may have an inherent cancer-modifying effect. For example, as compared with patients on metformin, patients "not on metformin" (the comparator group) would be more likely to be on SUs. Therefore, it is difficult to interpret whether the risk modification inferred for any one agent is real or confounded by exposures to other glucose-lowering medications. In the only monotherapy population-based observational study which compared cancer incidence with metformin and SUs in patients with DM, Ruiter et al. demonstrated that metformin use was associated with a 13 % decrease in risk of lung cancer, as compared with SUs. Ideally, the true clinical effect of ADMs on cancer risk would be studied by comparing patients on medical therapy for DM and those managed by non-medical/dietary therapy, over an extended period of time.
Based on the results of this comprehensive metaanalysis, chemopreventive effects of the four AMDs on lung cancer are questionable. This question is difficult to address based on retrospective studies due to confounding by indication and reverse causality. A randomized trial assessing the effect of specific ADMs on the incidence of lung cancer would be hypothetically very difficult to realize because of the required sample size and duration of follow-up (Johnson et al., 2010) . More prospective observational studies, which account for these sources of heterogeneity, would be required to truly assess the impact of ADMs on risk of lung cancer.
In conclusion, meta-analysis of existing studies does not support a protective or harmful association between ADMs use and risk of lung cancer in patients with DM. There was considerable heterogeneity across studies, and future, well-designed, prospective studies would be required to understand this association better.
